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The p r a c t i c a b i l i t y  of u s i n g  I n t e l s a t  s a t e l l i t e s  f o r  
d i r e c t  v o i c e  communications r e l ay  between an o r b i t i n g  manned 
s p a c e c r a f t  and a ground s t a t i o n  was examined i n  a p r i o r  memo- 
randum. The c o s t  model used  i n d i c a t e d  t h a t  when s u f f i c i e n t  
channe l s  are pu rchased  on I n t e l s a t  s a t e l l i t e s ,  there  i s  e x c e s s  
c a p a c i t y  i n  t h e  pu rchased  channe l s  which c o u l d  be used  f o r  re-  
l a y i n g  data.  An a n a l y s i s  i s  p r e s e n t e d  of  t h e  use--of t h e  e x c e s s  
c a p a b i l i t y  t h a t  e x i s t s  when s u f f i c i e n t  s a t e l l i t e  c a p a c i t y  i s  
purchased  t o  s u p p o r t  a s i n g l e  two-way v o i c e  channe l  between an 
ea r th  o r b i t i n g  manned s p a c e c r a f t  and ea r th .  T h i s  e x c e s s  must 
be pu rchased  because  (1) t h e  minimum s e r v i c e  s o l d  by I n t e l s a t  
i s  e q u i v a l e n t  t o  2 4  v o i c e  channe l s  ( a  bandwidth o f  5MHz) and 
( 2 )  p r e s e n t  communications s a t e l l i t e s  are des igned  t o  p r o v i d e  
t h e i r  s t a t ed  c a p a c i t i e s ,  i n  t e rms  of e q u i v a l e n t  v o i c e  c h a n n e l s ,  
on ly  when o p e r a t i n g  w i t h  l a rge ,  s t a n d a r d i z e d  ground s t a t i o n s  
w i t h  r e c e i v e  g a i n  t o  n o i s e  t e m p e r a t u r e  r a t i o s  o f  40.7dB o r  
h i g h e r .  Any s t a t i o n  w i t h  l ess  c a p a b i l i t y  must pay f o r  t he  
i n c r e a s e d  p e r c e n t a g e  o f  t he  s a t e l l i t e  used .  b 

A t  p r e s e n t ,  I n t e l s a t  I1 s a t e l l i t e s  are used  f o r  Apol lo  
m i s s i o n s  t o  p r o v i d e  r e a l  t i m e  communications between t h e  c o n t i -  
n e n t a l  Uni ted  States and s e l e c t e d  l a n d  and s h i p  s t a t i o n s  o f  t he  
MSFN. The s e r v i c e  now p r o v i d e s  s i x  ( 6 )  two-way v o i c e / d a t a  grade 
c i r c u i t s  p l u s  two ( 2 )  t e l e t y p e  c i r c u i t s  between e a c h  s t a t i o n  and 
t h e  U. S. I n  terms of r e a l  t i m e  i n f o r m a t i o n  f low between t h e  
Apol lo  s p a c e c r a f t  and the  m i s s i o n  c o n t r o l  c e n t e r  ( M C C ) ,  t h e  
p r e s e n t  s e r v i c e  p r o v i d e s  t h e  c a p a b i l i t y  f o r  v o i c e  and 1 . 0  kbps 
up-data  on t h e  u p - l i n k ,  s i m u l t a n e o u s l y  w i t h  v o i c e  and 10  kbps 
t e l e m e t r y  on the down-link f o r  a n  e q u i v a l e n t  real t i m e  
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- - of less  t h a n  2 0 % .  
I n t e l s a t  I V  s a t e l l i t e s  for d i r e c t  r e l a y  s e r v i c e  between t h e  
o r b i t i n g  manned s p a c e c r a f t  and a ground s t a t i o n  i n  t he  Un i t ed  
S t a t e s ,  t h e  c o s t  o f  o b t a i n i n g  c o n t i n u o u s  coverage  w i t h  v o i c e  
and 3.9 kbps up-da ta  on the  up - l ink  s i m u l t a n e o u s l y  w i t h  v o i c e  
and 160 kbps  te lemet ry  on t h e  down-link would b e  approx ima te ly  
one f o u r t h  (1/4) of  t h e  c u r r e n t  c o s t  o f  t h e  p r e s e n t  I n t e l s a t  I1 
s e r v i c e .  I n  o r d e r  t o  o b t a i n  t h i s  d i r e c t  r e l a y  s e r v i c e ,  t h e  manned 
s p a c e c r a f t  would need a p r o p e r l y  equipped  t e r m i n a l ;  i t s  ma jo r  
c h a r a c t e r i s t i c s  would t y p i c a l l y  b e  a n  e l e v e n - f o o t  diamter 
an tenna  and a 1 0 0  watt t r a n s m i t t e r  u s i n g  d i g i t a l  modu la t ion  
t e c h n i q u e s  and a t i m e  d i v i s i o n  m u l t i p l e x  s y s t e m .  

I n  c o n t r a s t ,  it i s  concluded t h a t ,  by u s i n g  

~ . . . . . . . . . . 

. -  
, , _ .  . 
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TECHNICAL MEMORANDUM 
. . ... 

I. INTRODUCTION 

The practicability of using present and anticipated 
1-ntelsat satellites for direct voice communications relay 
between an orbiting manned spacecraft and a ground station 

It was concluded that a single two-way voice channel could be 
provided with reasonable modifications and additions to the 
manned spacecraft. From the cost model used in Reference 1, 
it was also concluded that the link capacity purchased from 
Intelsat would be greater than the actual capacity needed for' 
the relay of one two-way voice circuit. Therefore, the excess 
capacity could be used for relaying data without incurring 
additional channel cost from the satellite portion of the corn- 
munication link. 

for the post-Apollo period was examined in a prior report. (1) 

This memorandum is a sequel to Reference 1; it ad- 
dresses, specifically, the use of the excess channel capacity 
that exists when a voice only channel is established as defined 
in Reference 1. The excess capacity would be used for the pur- 
pose of obtaining: (1) an up-data function on the up-link 
(ground station to satellite to manned spacecraft), and (2) a 
telemetry function on the down-link (manned spacecraft to satel- 
lite to ground station). 

The salient points contained in Reference 1 are 
summarized in Sec. I1 to provide continuity and the excess 
capacity derived from Reference 1 is summarized in Sec. 111. 
A discussion of performance criteria and modulation methods 
is given in Sec. IV for the combined voice and data functions. 
The determination of link capacities and system requirements 
is derived in See. V. Section VI provides a c o s t  comparison 
of using the direct relay method via Intelsat satellites and 
the present cost of using Intelsat I1 which is providing point- 
to-point service between six Apollo MSFN land and ship stations 
and the Continental United States. The conclusions are given , 

in Section VII. The cost model used in Reference 1 is included 
here as Appendix A, this is repeated because its understanding 
is essential to the discussion presented in this memorandum. 
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11. SUMMARY OF PREVIOUS- WORK 

The pr imary  purpose  o f  Reference  1, e n t i t l e d  "The Use 
of  I n t e l s a t  S a t e l l i t e s  f o r  D i r e c t  Voice Communications w i t h  
Manned Space V e h i c l e s " ,  was t o  examine t h e  p r a c t i c a b i l i t y  o f  
u s i n g  p r e s e n t  and a n t i c i p a t e d  I n t e l s a t  s a t e l l i t e s  f o r  d i r e c t  
v o i c e  communications r e l a y  between an o r b i t i n g  manned space-  
c r a f t  and a ground s t a t i o n  f o r  the  pos t -Apol lo  p e r i o d .  The 
major  f a c t o r s  c o n s i d e r e d  i n  Ref. 1 a re :  (1) t y p e s  o f  I n t e l s a t  
s a t e l l i t e s  and t h e i r  u t i l i z a t i o n ,  ( 2 )  C C I R  i n t e r f e r e n c e  l i m i t s ,  
( 3 )  v o i c e  p r o c e s s i n g  and modulat ion t e c h n i q u e s ,  ( 4 )  implemen- 
t a t i o n  o f  t h e  manned s p a c e c r a f t  t e r m i n a l ,  and ( 5 )  s a t e l l i t e  
o p e r a t i o n  and c o s t  model. The s a l i e n t  p o i n t s  o f  these  s u b j e c t s  
are  summarized s e p a r a t e l y  i n  t h i s  s e c t i o n .  One o v e r a l l  d e s i r e  
i n  t h e  f o r m u l a t i o n  o f  Reference 1 was t o  a r r i v e  a t  a s i m p l e  
and " s t a t e  o f  t h e  a r t "  t y p e  of system; t h e r e f o r e ,  many o f  t hese  
s u b j e c t s  were n o t  t r ea t ed  e x h a u s t i v e l y  and t h e  r e s u l t i n g  s y s t e m s  
a re  n o t  c la imed t o  b e  t h e  most e f f i c i e n t  p o s s i b l e .  However, 
t h e  t o o l s  p r o v i d e d  i n  Reference 1 are  s u f f i c i e n t l y  f l e x i b l e  
and complete  s o  t h a t  t h e y  can b e  used f o r  a d d i t i o n a l  e x t e n s i o n .  
I n  f a c t ,  t h i s  memorandum i s  such an e x t e n s i o n .  

- Types o f  I n t e l s a t  S a t e l l i t e s  and T h e i r  U t i l i z a t i o n  

Four t y p e s  o f  I n t e l s a t  s a t e l l i t e s  have been  c o n s i d e r e d ,  
t h e  I n t e l s a t  11, 111, I11 1/2, and I V .  For I n t e l s a t  I V ,  two 
d i f f e r e n t  o p e r a t i o n s  were p o s s i b l e  f o r  t h e  down-link as i t  w i l l  
be  e q u i p p e d - w i t h  b o t h  a n  e a r t h  coverage  a n t e n n a  and a s p o t  cover -  
age  an tenna .  A l l  s a t e l l i t e  r e p e a t e r s  were t r e a t e d  as l i n e a r  
a m p l i f i e r s  w i t h  c o n s t a n t  g a i n ,  and t h e  r e l a y  l i n k  e q u a t i o n s  were 
d e r i v e d  on t h a t  basis .  

' - - -  ~ - G e n e r a l  r e l a y  l i n k  e q u a t i o n s  were d e r i v e d  f o r  t h e  up 
and down-links,  and s p e c i f i c  numer i ca l  e q u a t i o n s  were a l s o  g i v e n  
f o r ' e a c h  o f  t h e  I n t e l s a t  s a t e l l i t e s .  The p a r a m e t e r s  o f  t h e  
I n t e l s a t  s a t e l l i t e s  and I n t e l s a t  ground s t a t i o n s  were t a k e n  from 
p u b l i s h e d  r e p o r t s ,  documents,  and a r t i c l e s  a u t h o r e d  by I n t e l s a t  
o r  Comsat p e r s o n n e l .  Each numer i ca l  e q u a t i o n  was a l s o  presented 
as a se t  o f  p a r a m e t r i c  c u r v e s  f o r  q u i c k  r e f e r e n c e .  A p a r t i c u l a r  
f u n c t i o n a l  v a r i a b l e  chosen f o r  t h e  l i n k  e q u a t i o n s  is C/N t h e  
c a r r i e r - t o - n o i s e  power d e n s i t y  r a t i o .  T h i s  i s  a u s e f u l  and 
c o n v e n i e n t  p a r a m e t e r  as any communication r equ i r emen t  ( v o i c e ,  
data ,  t e l e v i s i o n )  can b e  q u i c k l y  e x p r e s s e d  i n  t h e s e  terms re- 
g a r d l e s s  o f  i t s  form ( a n a l o g  or d i g i t a l ) ,  i t s  modula t ion  method, 
( A M ,  FM, PM, PSK, m u l t i l e v e l ,  M'ary, e t c . ) ,  o r  i t s  use  o r  non- 
u s e  o f  coding .  T h e r e f o r e ,  Reference 1 can be used  t o  s i z e  sys t em 
p a r a m e t e r s  of t hese  r e l a y  l i n k s  f o r  any d e s i r e d  communications 
f u n c t i o n  ( o r  combina t ion  o f  f u n c t i o n s ) ,  n o t  j u s t  v o i c e  a l o n e .  

0' 
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- .  
C C I R  I n t e r f e r e n c e  L i r r t i t  

The RF f requency  bands p r e s e n t l y  used  b y  I n t e l s a t  
s a t e l l i t e s  are t h e  same as . t hose  used  by cOmmon car r ie rs  f o r  
microwave r a d i o - r e l a y  systems on e a r t h .  I n  o r d e r  t o  a l l o w  
f requency  s h a r i n g  o f  t h e s e  s y s t e m s ,  v a r i o u s  c r i t e r i a  t o  p r e v e n t  
mutua l  i n t e r f e r e n c e  have been e s t a b l i s h e d  b y  t h e  I n t e r n a t i o n a l  

Telecommunication Union. I n  Reference  1, w e  were p a r t i c u l a r l y  
i n t e r e s t e d  i n  p o s s i b l e  i n t e r f e r e n c e  i n  t h e  downward d i r e c t i o n ,  
t h a t  i s  t h e  e m i s s i o n s  from I n t e l s a t  s a t e l l i t e s  and manned 
s p a c e c r a f t  i n t e r f e r i n g  w i t h  t e r r e s t r i a l  s y g t e m s  . Using t h e  
i n t e r f e r e n c e  c r i t e r i o n  e s t a b l i s h e d  b y  C C I R ,  t h e  maximum a l l o w a b l e  
e f f e c t i v e  i s o t r o p i c  r ad ia t ed  power d e n s i t y  ( E I R P / H z )  from t h e  
s a t e l l i t e  and t h e  manned s p a c e c r a f t  were d e r i v e d  as f o l l o w s :  

- Radio C o n s u l t a t i v e  Committ’ee ( C C I R )  o f  t h e  I n t e r n a t i o n a l  

from I n t e l s a t  s a t e l l i t e  -24.6 dBW/Hz 

from manned s p a c e c r a f t  -49  dBW/Hz* 

I t  was found t h a t  emis s ion  from I n t e l s a t  s a t e l l i t e s  can  b e  main- 
t a i n e d  w i t h i n  t h e  i n t e r f e r e n c e  l i m i t  f o r  t h e  s y s t e m  c o n s i d e r e d ,  

i n t e r f e r e n c e  l i m i t  u n l e s s  some i n t e r f e r e n c e  avoidance  t e c h n i q u e  
- b u t  t h e  e m i s s i o n  from t h e  manned s p a c e c r a f t  would exceed  i t s  

- -was_ used.  A combina t ion  o f  two t e c h n i q u e s  was proposed:  

, . <  . ,  1. Apply o p e r a t i o n a l  c o n s t r a i n t s  s o  t h a t  on ly  t h e  low 
l e v e l  s i d e - l o b e  of t h e  RF e m i s s i o n  from t h e  manned 
s p a c e c r a f t  i l l u m i n a t e s  t h e  E a r t h  a t  any t i m e .  

2 .  Spread  t h e  RF spectrum i n t e n t i o n a l l y  f o r  t h e  down-link 
by some modula t ion  or cod ing  t e c h n i q u e .  

:,, These can  b e  ach ieved  s i m p l y ,  a l t h o u g h  t h e y  may n o t  b e  t e c h n i c a l l y  
1 - e f f i c i e n t ,  b y  (1) u s i n g  a narrow beamwidth a n t e n n a  on t h e  manned 

s p a c e c ’ r a f t  (1’ and 2’ a t  6GHz beamwidths  were assumed),  t hese  
beamwidths co r re spond  t o  11 f t  and 5 .5  f t  diameter p a r a b o l i c  
a n t e n n a ,  and ( 2 )  pseudo-noise  (PN) code modu la t ion  f o r  d i g i t i z e d  

v v o i c e  t r a n s m i s s i o n .  

Voice P r o c e s s i n g  and Modulat ion Techniques  

O f  a l l  knawn vo ice  p r o c e s s i n g  and modula t ion  t e c h n i q u e s ,  
t h e  channe l  vocoder  appea r s  t o  b e  t h e  most e f f i c i e n t ,  i n  terms o f  
t h e  C/No r e q u i r e m e n t .  However, t h e  use  o f  a vocoder  does  have 

*Th i s  number i s  s e q s i t i v e  to t h e  manned s p a c e c r a f t  o r b i t ,  
t h e  number p r o v i d e d  i s  based on a 260 nm c i r c u l a r  o r b i t .  
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some d i s a d v a n t a g e s ,  namely,  t h e  s i z e  and weight o f  t h e  equ ip -  
ment,  the loss of some amount o f  n a t u r a l n e s s  i n  t h e  p r o c e s s e d  
v o i c e  s i g n a l ,  and t h e  r equ i r emen t  f o r  a h i g h  q u a l i t y  microphone 
w i t h  good low f requency  r e sponse  ( 7 0  Hz and l o w e r ) .  Although 
t h e  use o f  vocoder  was proisosed f o r  b o t h  up- and down-link 
t r a n s m i s s l o n s ,  o t h e r  c o n v e n t i o n a l  and s i m p l e r  v o i c e  modu la t ion  
methods were a l s o  sugges t ed .  It was concluded  t h a t  f r equency  
modula t ion  w i t h  t h e  u s e  o f  t h r e s h o l d  e x t e n s i o n  r e c e i v e r  can 
be  used  f o r  t h e  up- l ink  ( i h  p a r t i c u l a r ,  t h e  f r equency  modu- 
l a t i o n  w i t h  f requency  feed back r e c e i v e r ,  FMFB) and d i g i t a l  
v o i c e  30 kbps,  u s i n g  PCN/PM t e c h n i q u e  can be used  f o r  t h e  
down-link. 

Implementa t ion  o f  Manned S p a c e c r a f t  Termina l  

were assumed to b e  as f o l l o w s :  
The t h r e e  ma jo r  subsystems on t h e  manned s p a c e c r a f t  

1. Antenna - as p r e v i o u s l y  d i s c u s s e d ,  t h e  s i z e s  o f  t h e  
a n t e n n a  assumed were 11 f t  and 5.5 f t  i n  
d i ame te r .  I n  a d d i t i o n ,  t h e  a n t e n n a  was 
assumed t o  have an a u t o m a t i c  p o i n t i n g  - 
c a p a b i l i t y .  

- _  - _  . ter was s i z e d  to be 100  watt .  
2.  T r a n s m i t t e r  - maximum power o u t p u t  o f  t h e  t r a n s m i t -  

3. Rece ive r  - a r e c e i v i n g  s y s t e m  t e m p e r a t u r e  o f  1 8 0 0 0 ~  
was assumed, t p e  n o i s e  f i g u r e  o f  t h e  
r e c e i v e r  i t s e l f  was assumed t o  b e  6 d B .  

S a t e l l i t e  O p e r a t i o n  and Cost Estimate 
- -  

It was assumed t h a t  t h e  manned s p a c e c r a f t  w i l l  b e  
t r e a t e d - a s - a  d i s t i n c t  and independent  t e r m i n a l  s imi la r  t o  
t h o s e  used  w i t h  Comsat f o r  t h e  l i n k s  between t h e  I n t e l s a t  11's 
and t h e  Apollo s h i p s  (Vanguard, Reds tone ,  and Mercury) .  It 
was f u r t h e r  assumed t h a t ,  as  an independen t  t e r m i n a l ,  (1) a 
f i x e d  c a r r i e r  f r equency  w i t h  a g i v e n  bandwidth would be  a s s i g n e d  
t o  t h e  t e r m i n a l  ( f r e q u e n c y  d i v i s i o n  m u l t i p l e x ) ,  and ( 2 )  t h e  
bandwidth would b e  a s s i g n e d  from a l i m i t e d  number o f  bandwidth 
g roups ;  each  group r e p r e s e n t i n g  a f i x e d  number o f  h e r t z ,  there-  
Fore ,  t h e r e  i s  a minimum bandwidth which must be pu rchased  by 
t h e  independen t  t e r m i n a l  u s e r  ( 5  MHz). T h i s  l a s t  c r i t e r i o n  
i s  t h e  one t h a t  r e s u l t s  i n  t h e  c r e a t i o n  o f  t h e  "excess  capac i ty ' '  
d i s c u s s e d  i n  t h i s  memorandum. 

The c o s t  o f  u t i l i z i n g  t h e  I n t e l s a t  s a t e l l i t e s  i s  
es t imated n o t  on d o l l a r  c o s t  b u t  r a the r  t h e  number o f  e q u i v a l e n t  
v o i c e  channe l s  r e q u i r e d .  The assumpt ions  and p r o c e d u r e s  used 
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f o r  making t h e  c o s t  e s t i m a t e s  a re  t a k e n  from Refe rence  1, 
Appendix D ,  and are p r g s e n t e d  here  as Appendix A .  
de t2 rmine  t h e  e q u i v a l e n t  vo ice  channe l  r e q u i r e m e n t ,  t he  band- 
w i d t h  occu2ancy and t h e  amount of E I R P  needed from t h e  I n t e l s a t  
sa-te-llite. The f i n a l  c o s t  e s t i m a t e s  were made b y  combining 
these  two f a c t o r s  and u s i n g  t h e  p r o c e d u r e s  o u t l i n e d  i n  Appendix A.  

Two f a c t o r s  

111. SUNF4ARY OF EXCESS C A P A C I T Y  
- .__ -- 

The c o s t  o f  u s i n g  d i f f e r e n t  t y p e s  o f  I n t e l s a t  s a t e l -  
l i t e s  t o  r e l a y  a two-way vo ice  c i r c u i t  between an  o r b i t i n g  
manned s 2 a c e c r a f t  and a ground s t a t i o n  was est imated i n  Ref- 
e r e n c e  1. It was c l e a r  t ha t  i n  most c a s e s  t h e  c o s t ,  or t h e  
c a p a c i t y  o f  t h e  I n t e l s a t  s a t e l l i t e s  pu rchased ,  i s  l a r g e r  t h a n  
t h e  caDaci ty  needed from t e c h n i c a l  c o n s i d e r a t i o n s .  T h i s  e x c e s s  
c a p a c i t y  cou ld  t h e n  b e  used  f o r  o t h e r  communications f u n c t i o n s  
a t  no e x t r a  c o s t .  The e x t r a  c o s t  re fe rs  t o  t h e  s p a c e  segment 
c o s t  or t h e  channe l  c o s t  o f  u s i n g  t h e  I n t e l s a t  s a t e l l i t e .  
A d d i t i o n a l  c o s t  w i l l  b e  i n c u r r e d  a t  t h e  t e r m i n a l  because  o f  
i n c r e m e n t s  i n  t h e  t e r m i n a l  equipment.  

The c o s t  summary f o r  t h e  r e l a y  o f  a two-way v o i c e  
c i r c u i t  u s i n g  v a r i o u s  I n t e l s a t  s a t e l l i t e s  i s  t a k e n  from R e f -  
e r e n c e  1, and p r e s e n t e d  h e r e  as T a b l e  1. The u s e  o f  I n t e l s a t  
11, and I n t e l s a t  I11 1 / 2  s a t e l l i t e s . w i l 1  no l o n g e r  b e  c o n s i d e r e d  
i n  t h i s  memorandum f o r  t h e  f o l l o w i n g  r e a s o n s :  

1.- The u s e  o f  I n t e l s a t  I1 i s  a l ready m a r g i n a l  for two- 
way v o i c e  because  i t  r e q u i r e s  t h e  use  o f  a la rge  
amount o f  RF power ( 1 0 0  wat ts)  and a large a n t e n n a  
(11 f t )  on t h e  manned s p a c e c r a f t .  

2 .  The I n t e l s a t  I11 1/2  s a t e l l i t e  program i s  n o t  
a c t i v e  a t  t h e  p r e s e n t  t i m e .  - - - - - - -. - 

Consequent ly ,  w e  are  c o n s i d e r i n g  t h e  use  of  I n t e l s a t  I11 and 
I n t e l s a t  I V  s a t e l l i t e s  on ly .  
t i o n  o v e r  t h e  A t l a n t i c  and P a c i f i c  Oceans.  The I n t e l s a t  I V  
s ake l l i t e s  are  b e i n g  p rocured  w i t h  Hughes A i r c r a f t  Co. as t h e  
pr ime c o n t r a c t o r .  

Two I n t e l s a t  111's are i n  opera-  

- -  _--  
A summary o f  t h e  excess  c a p a c i t y  t h a t  e x i s t s  when 

u s i n g  these  s a t e l l i t e s  f o r  a two-way v o i c e  c i r c u i t  i s  p r e s e n t e d  
i n  Table 11. I n  t h e  t ab le ,  t h e  e x c e s s  c a p a c i t i e s  are  s e p a r a t e d  
i n t o  t h e  RF bandwidth and the  s a t e l l i t e  E I R P  (EIRP , , ) .  Fo r  - A U  

all p r a c t i c a l  p u r p o s e s ,  t h e  bandwidth u t i l i z a t i o n  i s  d i c t a t e d  
by t h e  down-link r equ i r emen t ,  and t h e  EIRPIS  i s  
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Vocoder, 2.4 kbps, 
PCM/PM 

- 

Digital voice, 
30 kbps, PCM/PM 

- 8 -  

7 dB 3200 Hz 

8 dB 

dictated by the up-LAAik requirement. Therelare, the excess 
bandwidth capacity can'be used for sending telemetry from the 
manned spacecraft, and the excess EIRPIS capacity can be used 
for sending up-data to the manned spacecraft. 

FM with threshold 
extension re- 
- ceiver, m = 2 

IV. 

5.2 dB 18 kHz 

PERFORMANCE CRITERIA AND MODULATION METHODS 

_ _  Three types of voice processing and modulation methods 
were presented in Reference 1 and are shown in Table 111: 

Table I11 - Performance Criteria for Various Voice 
Modulation Method 

Voice Modulation 1 S/Nreq I Bandwidth 
I I 

36 kHz 

I I 

42 dB-Hz 

53.6 dB-HZ 

47.8 dB-Hz 

= Signal-to-noise power ratio required in cor- 
'INreq responding noise 

BW = RF noise bandwidth. 

C/N = RF power-to-noise power spectral density ratio 
'req required = S/NPeq x BW. 

-- m = FM modulation index 

was suggested that FM voice is only suitable for the up-link. 
digital voice is only suitable for the down-link, and vocoder 
voice can be used for either of the links. A quick glance at 
Table I1 indicates that whenever FM voice is used, very little 
excess EIRPIS capability is left for possible simultaneous up- 
data transmission. This problem is further compounded by the 
multiplexing requirement of combining an analog signal (FM voice) 
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and a digital signal (up-data). For instance, the use of the 
familiar Apollo USB system, which is a phase modulated system 
with frequency division multiplex, would result in an RF power 
penalty of approximately 6 dB because of modulation loss. 
It becomes apparent that the.use of such a method is unaccept- 
able as the excess FIRPIS capability is insufficient to cover 
the modulation loss. Consequently, the use of FM voice is not 
considered further for simultaneous voice and up-data trans- 
mission on the up-link. 

( 2 ) *  

The use of a vocoder requires specialized equipment 
which is relatively heavy and bulky; therefore, it may not be 
acceptable for manned spaceflight usage. A possible alternate 
voice processing method is the use of an infinitely clipped 
digitized speech with one bit encoding per speech sample. The 
quality of the speech depends on the sampling rate, a sampling 
rate of 7200 samples per second, which results in a 7.2 kbps 
digitized speech signal, would provide a very good quality 
(better than 90% word intelligibility) ( 3 )  voice link. 
if the acoustical background noise were high, this technique 
would probably yield poor results. Since this technique is 
suggested for the up-link, we are assuming that the acoustical 
environment at the control center can be satisfactorily con- 
trolled. 

However, 

The performance criteria for the up-link are summarized 
in Table IV. One notable item from Table IV is that, whenever 
several signals of different performance requirements are combined 
by using a simple serialized time division multiplex (TDM) sys- 
tem, the S/N of the multiplexed signal is dictated by the sig- 
nal with the highest performance requirement. In this case, the 
up-data function which requires (or assumed to require)10-6 bit 
error rate (BER). Obviously, this results in an inefficient sys- 
tem (see items 4 and 5 in Table IV). A better system design would 
strive to equalize the performance requirements of all functions, 
that is, the BER of the transmitted bits. Since the communication 
channel being considered is not bandwidth limited, the up-data sig- 
nal can be coded so that its S/N,, - -9 
value as that of the voice signal (6.8 dB) at the expense of RF 
bandwidth. Since the subject of coding technique and its optimal 
"use is beyond the scope of this memorandum, it will not be treated 
in detail here. There is a simple way to equalize the two functional 

re q 

would be reduced to the same 

- . .  
. _  

*Reference 2 also contains the relative performance advantages 
of several modulation methods including those discussed here. 
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Up-Link Func t io r j  

1. Vocoder ( 10-3BER) 

2 .  I n f i n i t e l y  c l i p p e d  
d i g i t i z e d  v o i c e  ( 10-3BER) 

3 .  Up-Data (10-6BER) 

4. Vocoder p l u s  Up-data 
( ~ o - ~ B E R )  

5. I n f i n i t e l y  c l i p p e d  
d i g i t i z e d  v o i c e  p l u s  
Up-Data ( 10-6BER) 

6 .  Vocoder (10-3BER) p l u s  
Up-Data (10-6BER)** 

7 .  I n f i n i t e l y  c l i p p e d  
d i g i t i z e d  v o i c e  

-c10i3BER) p l u s  Up-Data 
Q O - ~ B E R ) * *  

- 10 - 

B i t  Rate C/NO* 
r e q  

' lNreq  

6 . 8  dB 2400 bps 45.6 dB-HZ 

6 . 8  dB 7200 bps  50 .5  dB-Hz 

1 0 . 7  dB 1 0 0 0  bps  45.7 dB-Hz 

10 .7  dB 3400 bps  51 dB-Hz 

1 0 . 7  dB 8200 bps 54.8 dB-HZ 

7 . 7  dB 4400 bps 4 9 . 2  dB-Hz 

7 .7  dB 9200 bps  52.4 dB-HZ 

_ -  
= S i g n a l - t o - n o i s e  r a t i o  r e q u i r e d  i n  b i t  r a t e  bandwidt l  

= RF power- to-noise  s p e c t r a l  d e n s i t y  r a t i o  r e q u i r e d  

= S/Nreq x b i t  r a t e  bandwidth x margin  

"Nreq 
C/No 

r e q  

* I n c l u d e s  2 dB margin f o r  i n p e r f e c t  demodula tor  and 3 dE 
a d d i t i o n a l  margin .  

**A r edundan t  b i t  i s  s e n t  f o r  eve ry  s i g n a l  b i t  o f  t h e  
up-data  s i g n a l .  

T a b l e  I V  -Performance C r i t e r i a  f o r  Up-Link Communications F u n c t i o n s  
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r e q u i r e m e n t s  i n  t h i s  c a s e ;  a r edundan t  b i t  cou ld  be t r a n s m i t t e d  
for eve ry  up-da ta  s i g n a l  b i t .  Dur ing  t h e  demodula t ion  p r o c e s s ,  
t h e  i n t e g r a t i o n  t i m e  f o r  every  s i g n a l  b i t  i s  l e n g t h e n e d  to i n -  

-elude two t r a n s m i t t e d  b i t  p e r i o d s .  The n e t  r e s u l t  i s  to r e d u c e  
t h e  ene rgy  of eve ry  t r a n s m i t t e d  b i t  t o  one h a l f  o f  t h a t  r e q u i r e d  
i n  t h e  s i g n a l  b i t  w i t h o u t  s a c r i f i c i n g  t h e  per formance .  The n e t  
advan tage  o f  u s i n g  t h i s  method can  b e  s e e n  by  comparing i tems 4 
and 5 w i t h  6 and 7 i n  T a b l e  I V .  It s h o u l d  b e  p o i n t e d  o u t  t h a t  
t h e  I - . O  kbps up-da ta  s i g n a l ' u s e d  f o r  Apo l lo ,  which can  b e  assumed 
here ,  i s  a l r eady  a coded s i g n a l .  Depending on t h e  c o n t e n t  o f  
t h e  message, d i f f e r e n t  coding t e c h n i q u e s  a re  used .  A d e t a i l e d  
d i s c u s s i o n  of t h i s  s y s t e m  can be  found i n  Refe rence  4 and 5.  I n  
g e n e r a l ,  one may conclude  t h a t  t h e  Apollo up-da ta  s y s t e m  can  be 
r e f o r m a t e d  f o r  f u t u r e  u s e  s o  t h a t  t h e  t r a n s m i t t e d  b i t  e r r o r  r a t e  
can  be  r e l a x e d  w i t h o u t  s a c r i f i c i n g  t h e  r e q u i r e m e n t s  on message 
r e j e c t i o n  r a t e  and t h e  p r o b a b i l i t y  of u n d e t e c t e d  e r r o r .  

For  t h e  down-link, t h e  e x c e s s  bandwidth c a p a c i t y  w i l l  
b e  u t i l i z e d  f o r  s e n d i n g  t e l e m e t r y  (TLM) ,  o p e r a t i o n a l  and /o r  
s c i e n t i f i c  i n f o r m a t i o n .  The TLM i n f o r m a t i o n  w i l l  b e  combined 
w i t h  t h e  d i g i t i z e d  v o i c e  s i g n a l  u s i n g  a TDM method. 
mance r equ i r emen t  f o r  t h e  TLM i s  assumed t o  b e  a BER o f  
which a l s o  i s  t h e  performance r equ i r emen t  o f  t h e  m u l t i p l e x e d  
s i g n a l .  Assuming a non- idea l  demodula tor  and a l l o w i n g  a 3 d B  
margin ,  t h e  S/N for t h e  m u l t i p l e x e d  s i g n a l  i s  13 .3  d B  i n  b i t  

The p e r f o r -  

r a t  e-  bandwidth r e q  

LINK-CAPABILITIES AND SYSTEM REQUIREMENTS 

The methods f o r  d e t e r m i n i n g  t h e  RF per formance  o f  
r e l ayed  l i n k s  has been e s t a b l i s h e d  i n  Refe rence  1; t h e  same 
r iumerical  eq i l a t ions  and graphs a p p l y  he re .  From these t o o i s ,  
w e  are s e e k i n g  t h e  answers  t o  t h e  f o l l o w i n g  q u e s t i o n s :  

I - ,.- 1; -Up- l ink :  

a .  Can t h e  up - l ink  s u p p o r t  v o i c e  and up-da ta  
s i g n a l s  s i m u l t a n e o u s l y  w i t h o u t  i n c r e a s i n g  
t h e  channe l  c o s t  ( t h e  s p a c e  segment)  from 

s i o n  a l o n e  
t h a t  n e c e s s a r y  t o  supper t  v = i c e  trarlsmis- 

b .  Which I n t e l s a t  s a t e l l i t e  can do t h e  j o b ?  

- - c .  Can w e  s t a y  w i t h i n  t h e  C C I R  i n t e r f e r e n c e  _ - -  

c r i t e r i o n  wi thou t  t h e  u s e  of spread- 
spec t rum t echn iques"  

*See Reference  1 for d i s c u s s i o n  on C C I R  i n t e r f e r e n c e  l i m i t  
and spread  spec t rum t e c h n i q u e s .  
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d. What s i z e  an tenna  do w e  need on t h e  manned 
- .  - s p a c e w a f  t ? 

2. Down-link: 

a. Can t h e  down-link s u p p o r t  v o i c e  and t e l e m e t r y  
s i g n a l s  S imul t aneous ly  w i t h o u t  i n c r e a s i n g  t h e  
channe l  c o s t  ( t h e  space  segment )  from t h a t  

a l o n e ?  
- ._ . - - - n e c e s s a r y  t o  s u p p o r t  t h e  v o i c e  t r a n s m i s s i o n  

b. What i s  t h e  r e l a t i o n s h i p  between t h e  t r a n s m i t t e r  
power r e q u i r e d  on t h e  manned s p a c e c r a f t  and t h e  
t r a n s m i s s i o n  r a t e  o f  t h e  t e l eme t ry  data  f o r  
v a r i o u s  I n t e l s a t  s a t e l l i t e s ?  

e .  Can w e  s t a y  w i t h i n  t h e  CCIR i n t e r f e r e n c e  c r i t e r i o n  
w i t h o u t  t h e  use  of  s p r e a d  spec t rum t e c h n i q u e s ?  

F i g u r e s  1 and 2 p r o v i d e  answers  t o  t h e  f i r s t  s e t  o f  
q u e s t i o n s .  F i g u r e  1 assumes tha t  a vocoder  i s  used  f o r  t h e  
v o i c e  t r a n s m i s s i o n ,  and F igu re  2 assumes t h a t  i n f i n i t e l y  c l i p p e d  
d i g i t i z e d  v o i c e  i s  used  f o r  t h e  v o i c e  t r a n s m i s s i o n .  The s o l i d  
p o i n t s  on t h e  f i g u r e s  r e p r e s e n t  t h e  channe l  c a p a c i t y  pu rchased  
from I n t e l s a t  I11 and I n t e l s a t  I V  i n  terms of E I R P  f o r  t h e  pur -  

_ -  p-os-e o f  two-way v o i c e  t r a n s m i s s i o n .  The c o r r e s p o n d i n g  channe l  
c a p a c i t y  i n  terms o f  C/NO f o l l o w s  t h e  l o g - l o g  l i n e a r  r e l a t i o n -  
s h i p  as shown f o r  two d i f f e r e n t  r e c e i v i n g  a n t e n n a  s i z e s  on t h e  
manned s p a c e c r a f t  (11 f t  and 5 . 5  f t  d i a m e t e r  p a r a b o l i c  a n t e n n a s ) .  
From F i g u r e s  1 and 2 ,  i t  can b e  s e e n  t h a t  s i m u l t a n e o u s  v o i c e  
-and 1 . 0  k b p s  up-da ta  s i g n a l s  can be t r a n s m i t t e d  s i m u l t a n e o u s l y  
on t h e  up - l ink  a t  no a d d i t i o n a l  c o s t  unde r  t h e  fo l lovr ing  c o n d i t i o n s :  

1. u s i n g  I n t e l s a t  I V  s a t e l l i t e s ,  

2.  vocoder  v o i c e  ban b e  m u l t i p l e x e d  w i t h  t h e  up-da ta  
_ _  - 

s i g n a l  w i t h o u t  t h e  need  of  any a d d i t i o n a l  cod ing  
on t h e  up-data  s i g n a l ,  . . I 

3.  i n f i n i t e l y  c l i p p e d  d i g i t i z e d  v o i c e  can b e  m u l t i -  
p l exed  w i t h  t h e  up-da ta  s i g n a l  on ly  when t h e  
up-da ta  s i g n a l  h i t s  a d d i t i o n a l  cod ing ,  

4. t h e  minimum an tenna  s i z e  r e q u i r e d  on t h e  manned 
- s p a c e c r a f t  i s  approximate ly  e q u i v a l e n t  t o  a 6 . 5  f t  

diameter p a r a b o l i c  a n t e n n a  (vocode r  p l u s  coded up- 
da t a ) ,  and 
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5.  t h e  m u l t i p l e x e d  up - l ink  can  b e  o p e r a t e d  w i t h i n  t h e  
CCIR i n t e r f e r e n c e  l i m i t  w i t h o u t  t h e  u s e  of s p r e a d  
s p e c t r u m  t e c h n i q u e ,  

F i g u r e s  3 t o  8 p r o v i d e  answers  t o  t h e  second s e t  o f  
. q u e s t i o n s  c o n c e r n i n g  t h e  down-link. The down-link c a p a c i t i e s  

i n  terms o f  t e l eme2ry  data t r a n s m i t t i n g  r a t e  as a f u n c t i o n  o f  
t h e  r e q u i r e d  t r a n s m i t t e r  power on t h e  manned s p a c e c r a f t  a r e  

f o l l o w i n g  f u n c t i o n a l  v a r i a b l e s :  
- - - - - - p r e s e n t e d  i n  F i g u r e s  6-8. These f i g u r e s  a l s o  i n c l u d e  t h e  

1. The t y p e  o f  s a t e l l i t e s  - I n t e l s a t  I11 and I V .  

2 .  The t y p e  o f  s a t e l l i t e  a n t e n n a  used  on I n t e l s a t  I V  
for t h e  down-link - ear th  cove rage  o r  s p o t  coverage  
a n t e n n a s .  

3. The s i z e  o f  an tenna  used on t h e  manned s p a c e c r a f t  - 
11 f t  o r  5 .5  f t  d i ame te r  p a r a b o l i c  a n t e n n a s .  

4 .  The t y p e  of v o i c e  p r o c e s s i n g  used  - vocoder  and 
d i g i t i z e d  (30  kbps)  v o i c e .  

F i g u r e s  3 t o  5 p r e s e n t  t h e  performance of t h e  v a r i o u s  down-link 
combina t ions .  The o b l i q u e  and v e r t i c a l  l i n e s  i n  these f i g u r e s  
r e p r e s e n t  t h e  C C I R  i n t e r f e r e n c e  l i m i t  and t h e  pu rchased  band- 
w i d t h  l i m i t s ,  r e s p e c t i v e l y .  Each s e t  o f  o b l i q u e  and v e r t i c a l  
l i n e s  d e f i n e  t h e  oounds of t h e  p e r m i s s i b l e  o p e r a t i n g  r e g i o n  o f  
t h e  r e l ayed  l i n k .  The i n t e r s e c t i o n  o f  t h e  two l i n e s  r e p r e s e n t s  
maximum u t i l i z a t i o n ,  i n  terms o f  RF bandwidth ,  o f  t h e  r e l a y e d  
l i n k  and a l s o  t h e  maximum data r a t e  a v a i l a b l e .  For t h e  most 
e f f i c i e n t  u t i l i z a t i o n ,  i n  terms of RF power, t h e  o p e r a t i n g  p o i n t  
s h o u l d  f a l l  on t h e  o b l i q u e  l i n e ,  which r e p r e s e n t s  t h e  C C I R  i n t e r -  
f e r e n c e  l i m i t s .  F i g u r e s  6 t o  8 are  d e r i v e d  from t h e  p o i n t s  on 
t h e s e  l i n e s .  - 

S e l e c t e d  p o i n t s  f r o m  F i g u r e s  6 t o  8 are t a b u l a t e d  i n  
Tab le  V.  The chosen p o i n t s  a r e  (1) manned s p a c e c r a f t  t r a n s m i t -  
t e r  power of 20 watts, ( 2 )  manned s p a c e c r a f t  t r a n s m i t t e r  power 
of 1 0 0  watts,  and ( 3 )  1 0 0 %  u t i l i z a t i o n  of t h e  pu rchased  band- 
w i d t h  o f  t h e  I n t e l s a t  s a t e l l i t e .  These p o i n t s  are  s e l e c t e d  
because  a 20 watt t r a n s m i t t e r  i s  o b t a i n a b l e  a t  t h e  p r e s e n t  t i m e ,  
a 100 watt t r a n s m i t t e r  i s  c o n s i d e r e d  t o  be  o b t a i n a b l e  i n  t h e  
n e a r  term ( 3  yea r s ) ,  and t h e  l a s t  p o i n t  r e p r e s e n t s  t h e  upper  

- bound o f  t h e  e x c e s s  c h a n n e l  c a p a c i t y  a v a i l a b l e  f o r  t h e  down- I 

~ l i n k  
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- 
VI.  COST COMPARISON 

c 

A comple te  c o s t  a n a l y s i s  on t h e  e f f e c t i v e n e s s  o f  u s i n g  
I n t e l s a t  s a t e l l i t e s  as a d i r e c t  r e l ay  f o r  v o i c e  and da t a  t r a n s -  
m i s s i o n  between an  o r b i t i n g  manned s p a c e c r a f t  and a ground s t a -  
t i o n  would i n v o l v e  many f a c t o r s .  Some o f  t h e  major  ones a re :  

- - 1. c o s t  o f  u s i n g  I n t e l s a t  s a t e l l i t e s ,  
- 

2 .  c o s t  o f  t r a n s f e r r i n g  i n f o r m a t i o n  from I n t e l s a t  
ground s t a t i o n  to MCC-H (NASCOM), 

3 .  c o s t  o f  implementing a compa t ib l e  t e r m i n a l  on 

4 .  c o s t  s a v i n g s  r e s u l t i n g  from a r e d u c t i o n  o f  t h e  

5.  c o s t  s a v i n g s  from r e d u c i n g  t h e  p r e s e n t  NASCOM 

6.  i n c r e a s e  i n  o p e r a t i o n a l  e f f e c t i v e n e s s  o f  manned 

t h e  manned s p a c e c r a f t ,  

number o f  s t a t i o n s  o f  t h e  p r e s e n t  MSFN, 

c o n f i g u r a t i o n ,  

s p a c e  f l i g h t  m i s s i o n s ,  

7 .  comparison o f  rea l  t i m e  i n f o r m a t i o n  t r a n s f e r  
c a p a b i l i t y ,  and 

8. c i r c u i t  r e l i a b i l i t y .  

S i n c e  some o f  t h e s e  f a c t o r s  r equ i r e  e x t e n s i v e  a n a l y s i s ,  
a complete  c o s t  a n a l y s i s  i s  not  p r e s e n t e d  i n  t h i s  s e c t i o n .  
I n s t e a d ,  w e  would l i k e  to touch on two areas which w e  b e l i e v e  to 

- _  -- - b-e.-both . in_ teres t ing  and i l l u m i n a t i n g ;  t hese  a re :  

. l .  A comparison o f  t h e  p r e s e n t  c o s t  o f  u s i n g  I n t e l s a t  I1 
f o r - p o i n t - t o - p o i n t  s e r v i c e  (be tween s i x  MSFN l a n d  
s t a t i o n s  and s h i p s  and U . S .  f o r  t h e  s u p p o r t  o f  Apol lo  
m i s s i o n s )  and t h e  c o s t  of u s i n g  I n t e l s a t  I11 o r  I V  f o r  

\ . -  

- -. d i r e c t  r e l a y  s e r v i c e .  

- 2.  A comparison or" t h e  r e a i  t i m e  i n f o r m a t i o n  t r a n s f e r  
c a p a b i l i t y  i n  c o n j u n c t i o n  w i t h  (1) above.  

The c o s t  o f  u s i n g  I n t e l s a t  I1 s a t e l l i t e s  i n  t h e  p r e s e n t  
- Apol lo  s u p p o r t  c o n f i g u r a t i o n  i s  e x t r a c t e d  from Reference  6 .  Again,  

t h e  u n i t  o f  c o s t  i s  expressed i n  terms o f  e q u i v a l e n t  v o i c e  c h a n n e l  
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- 
as i t  was i n  Reference  1. The E I R P  u t i l i z a t i o n  o f  t h e  I n t e l s a t  I1 
s a t e l l i t e s  for? NASA s e r w i c e s  i s  as f o l l o w s :  

P a c i f i c  Region 

P a c i f i c  s h i p  t o  Brewster F l a t  1.37 w 
Carnarvon to Brewster  F l a t  

e 

BELLCOMM,  I N C .  

Brewster F l a t  t o  Carnarvon 1.37 W 

Brewster F l a t  t o  P a c i f i c  S h i p  5 . 8 1  w 
A t l a n t i c  Region 

A t l a n t i c  S h i p  t o  Andover 1.37 w 
I n d i a n  S h i p  to Andover 1.37 W 

Ascenqion to Andover 1-37 w 
Graud Canary t o  Andover 1.37 W 

Andover to a l l  1 1 . 6 2  w 

T o t a l  27.02 W 

The t o t a l  o f  27 W s h o u l d  be r e v i s e d  as f o l l o w s :  

‘* % . 1. s u b s t r a c t  2.74 W because on ly  two o u t  o f  t h e  f o u r  

- - - . - .  e d  a t  a t i m e ,  and 
t e r m i n a l s  i n  t h e  A t l a n t i c  Regioq are  b e i n g  s u p p o r t -  

2 .  s u b t r a c t  4 . 6 4  W because o f  t h e  r e c e n t  ground s t a t i o n  
improvements a t  t h e  Brewster  F l a t  and Andover s t a t i o n s .  
The improvements i n v o l v e  t h e  i n c r e a s e  i n  a n t e n n a  s i z e  
from 42 f t  t o  85 f t  d i a m e t e r  and t h e  r e d u c t i o n  o f  
ground r e c e i v i n g  s y s t e m  n o i s e  t e m p e r a t u r e .  These  
changes r e s u l t e d  i n  a n e t  g a i n  i n  perfopmance o f  6 . 5 .  

The rev ised  t o t a l  i s ,  t he re fo re ,  1 9 . 6 4  W o r  a p p r o x i m a t e l y ,  20w. 
Two I n t e l s a t  s a t e l l i t e s  a re  used f o r  t h e  s e r v i c e ,  each  s a t e l l i t e  
is c a p a b l e  o f  r a d i a t i n g  25 W o f  E I R P ( 7 ) ;  t he  p e r c e n t a g e  of E I R P  
U t l l i z e d  by NASA i s :  
- . _ .  . 
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Each I n t e l s a t  I1 s a t e l l i t e  h a s  a c a p a c i t y  o f  480 e q u i v a l e n t  
v o i c e  c h a n n e l s ;  t h e r e f i r e ,  t h e  c o s t  to N A S A  i s :  

2 x 480 x 40% = 384 e q u i v a l e n t  v o i c e  c h a n n e l s .  - 

The a c t u a l  c o s t  to NASA computed i n  d e t a i l  b y  Comsat Corp. can 
b e  found i n  Reference 8. From a more compl i ca t ed  s e t  o f  f o r m u l a s ,  
t h e  Comsat c o s t  number i s  337.2 e q u i v a l e n t  v o i c e  c h a n n e l s .  How- 
e v e r ,  t h i s  does n o t  r ep resen t  t h e  t o t a l  c o s t  t o  NASA as a d d i t i o n a l  
charges are made by  t h e  governments o f  t h e  Uni ted  Kingdom, 
A u s t r a l i a ,  and S p a i n  f o r  t h e  use  o f  t h e i r  r e s p e c t i v e  ground 
s t a t i o n s  a t  Ascension I s l a n d ,  Carnarvon,  and Grand Canary I s l a n d s .  
T h e r e f o r e ,  t h e  c o s t  number o f  384 e q u i v a l e n t  v o i c e  channe l s  ar- 
r i v e d  a t  by u s i n g  t h e  s i m p l i f i e d  approach can b e  used  w i t h  good 
c o n f i d e n c e  f o r  o u r  pu rpose .  

The s e r v i c e  p rov ided  b y  t h e  I n t e l s a t  I1 s a t e l l i t e s  
i s  s i x  dup lex  v o i c e / d a t a  p l u s  two t e l e t y p e  c i r c u i t s  between 
each of t h e  s i x  MSFN s i t e s  and t h e  Uni ted  S t a t e s .  However, 
t h e  s e r v i c e  p r o v i d e d  b e t w e e n  t h e  manned s p a c e c r a f t  and MCC-H 
i n  r e a l  t i m e  i s :  

1. Manned s p a c e c r a f t  to MCC-H - v o i c e  p l u s  f o u r  ( 4 )  
data c h a n n e l s ,  each data  channe l  has t h e  c a p a c i t y  
o f  2.4 kbps ,  and 

2. MCC-H to manned s p a c e c r a f t  - v o i c e  p l u s  one (1) 

- o f  2 . 4  kbps.  
data  channe l ,  each data channe l  has t h e  c a p a c i t y  

, I  - , 

The r ema in ing  c i r c u i t s  are used f o r  s t a t i o n  c o o r d i n a t i o n  and 
s p a r e s .  Moreover, t h e  r ea l  t i m e  coverage  i s  l i m i t e d  b y  t h e  
s t a t i o n  coverage  t ime which depends on t h e  a l t i t u d e  and t h e  
i n c l i n a t i o n  a n g l e  o f  t h e  manned s p a c e c r a f t  o r b i t .  
these  six,MSFN s i t e s  provided  approx ima te ly  12% r e a l  t i m e  
cove rage  6T t h e  Apollo 7 m i s s i o n  d u r a t i o n .  

For  example,  

- S i m i l a r  s e r v i c e  can be  p r o v i d e d  by I n t e l s a t  I V  u s i n g  
i t s  s p o t  coverage  a n t e n n a  f o r  a d i r e c t  r e l a y  l i n k ;  t h e  c o s t  
e s t ima ted - i s :  

% Real T i m e  
S a t e l l i t e s  Required Coverage c o s t  

1 45 48 channe l s  

2 90 96 c h a n n e l s  

3 1 0 0  1 5 0  channe l s  
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e 

t h e  implemen ta t ion  needed on t h e  manned s p a c e c r a f t  i s  as f o l l o w s :  
# 

a n t e n n a  - 11 f t  diameter p a r a b o l i c  d i s h  

t r a n s m i t t e r  power - 20 watts I 
- 1 8 0 0 ~ ~  r e c e i v i n g  s y s t e m  

temDera ture  
_ -  ( i n c l u d i n g  l i n e  

l o s s e s )  

down-link v o i c e  - 30 kbps  d i g i t a l  

- i n f i n i t e l y  c l i p p e d  d i g i t a l  7 . 2  kbps up - l ink  v o i c e  
p r o c e s s i n g  

up-1ink up-data - s i m p l e  one r edundan t  b i t  f o r  each  
coding s i g n a l  b i t  

down-1ink spread- PRN code ( see  Refe rence  1) spec t rum t e c h n i q u e  

The c o s t  o f  u s i n g  three I n t e l s a t  s a t e l l i t e s  f o r  1 0 0 %  cove rage  i s  
more t h a n  t r i p l e  t h e  c o s t  o f  u s i n g  a s i n g l e  s a t e l l i t e ,  because  
one o f  t h e  t h r e e  s a t e l l i t e s  would n o t  be i n  view o f  a U .  S .  
ground s t a t i o n .  T h e r e f o r e ,  a d d i t i o n a l  a l lowance  i s  needed t o  t ake  
c a r e  of t h e  e x t r a  ground-to-ground r e l a y  ( d o u b l e  h o p ) .  

V I I .  C O N C L U S I O N S  
- -  

- _ _  . -  - 
Tab le  V I  i s  a summary of t h e  u t i l i z a t i o n  o f  I n t e l s a t  

, sa te l l i t es  f o r  d i r e c t  r e l ay  s e r v i c e  between a manned s p a c e c r a f t  
and  a ground s t a t i o n .  From T a b l e  V I ,  one can  o b t a i n  a n  es t imate  
of t h e  relayed l i n k  c a p a c i t y  u s i n g  e i t h e r  I n t e l s a t  I11 o r  

p a r a m e t e r s  are a l s o  g i v e n :  
- 1 n t e l s a t  I V  s a t e l l i t e s ;  i n  a d d i t i o n ,  t h e  f o l l o w i n g  major  sys t em 



BELLCOMM, INC. - 2 7  - 

rn 
Q, 
O 
d 
3 
k 
Q, 
v3 

3 
(d 

I+ 

(u 
U 
@ 
c: 
Q: 
F 

c 
F 
C 
G 

v: 
Q 
+: 

l- 

-r 
r- 
r- 
a 
+: 
Q 
v: 
+: 
Q 
CI 
r 
a + 
C 
I- 

C 
C 

t 
C 

+ 
CI 
b 

.r 

I 
I- 

.r 

t 
c 

4 
C 

E 
(I 

E 

V 

.11) 
rn .A 
aa 
13 

c 
0000 
wnJ00 

r ld 

wCuLn 
Lnl-ib 
l-i ma- 

M M M  
m o o  
=rmo 

rl 

W M M  M M M  H M M  
m o o  moo moo 
=r c n o  =T c n o  a- c n o  

rl rl d 

a a  a a  a L a  
e k e  c k c  c o c  
cdocd cdocd c d c d  

n 

moo 
=r cno 

rl 

a 
c 
cd 
Q, 
ocd 
dc, 
ocd 
3 6  
krn @ a  a a  
O X  
O 
O=l- 
3rl 

a 
c 
cd 
a,cd 
0.P 
d c d  
0 5  
3 

rn 
kC4 
a n  a x  
0 
O c n  
0 ’  
3 0  

c , d  
coco 
W d 3  

u 
a &a 
c o c  
c d c d  

a, “a, a, “a, a,cda,cd 
.ri cd TI cd o a o a  
3 3  

r n r n  
k P~r l  
Q , D c d a  
a x o x  
0 -d 
0 0  wo 
0 rn.riW 
3l-ial-i 

o c d o c d l  ocdocd 0 . P o . P  

*a- 
w l  
I O  
o r (  
rl 

rn 
rn . r i  

-pT cdocd 
a 
c k k  
a 0 0  
a, “Q ,  
ocdocd 

a, 
ocd 
d* 
ocd >a 

a, 
0 
?-I cd 
O c ,  
3cd a 
k 
or0 a a  
O D  
o x  

~ 2t- I 

I cd 
11) 

a, “a, 
ocdocd 
d @ . d *  
ocdocd 3 a 3 a  

k r n r l  10 

I 0 2 d X  o w  
0IA.d 0 
3 m a  rl 

a a  a 

(d 
11) 

2 Y q  c d c d  k 0 
a k a  id 
c 0 e a  I k 

0 

a,@ 
oc, 

d c d  
0a 

rn 
L a  a a  
04: 
0 
ocn 
0 .  
3 0  

- 3  

k 
0 

a l c d  
0.P 

d c d  
0 6  
3 

rn 
L a  
Q,a 
rnX 
0 
O M  

2r-i 

.x 
c 
d 
4 -  
I a 
5 

.. 
2 
w 
4 
4 
€3 

a 

-@ 
k 

L n  

m 

(d a r :  
c, 
k 

rl 
rl .. 

rn 
a, 
c, 
0 a 

I 
Q, I a, 

H 
H 
H 



-. BELLCOMM,  - I N C .  - 28 - 

S e v e r a l  2onclus ions  can  be  made from T a b l e  V I  and t h e  
p r e v i o u s  d i s c u s s i o n :  

I 1. I n t e l s a t  I11 cannot  s u p p o r t  a s imul t aneous  v o i c e  and 
I up-data  f o r  t h e  up - l ink ;  these  f u n c t i o n s  must be . 

accompl ished  through o p e r a t i o n a l  p rocedure  on a t i m e  
s h a r e d  bas i s .  

2 .  An 11 f t  a n t e n n a  i s  needed on t h e  manned s p a c e c r a f t  
i f  s imul t aneous  v o i c e  and up-da ta  f u n c t i o n s  a r e  
r e q u i r e d  on t h e  up- l ink  u s i n g  I n t e l s a t  I V .  

~ 

~ 

~ 

4 

c h a n n e l  c o s t  r e p r e s e n t s  t h a t  r e q u i r e d  f o r  t h e  d i r e c t  r e l ay  o f  
a two-way v o i c e  c i r c u i t  g iven  i n  Refe rence  1. It i s  obvious  
t h a t  t h e  l i n k  c a p a c i t y  can b e  expanded by u s i n g  a la rger  por-  
t i o n  o f  t h e  I n t e l s a t  s a t e l l i t e ' s  c a p a c i t y ;  b u t  t h e  channe l  c o s t  
of u s i n g  t h e  I n t e l s a t  s a t e l l i t e  would also i n c r e a s e .  

3 .  I f  t h e  u s e  o f  a vocoder  proved  t o  be u n d e s i r a b l e  for 
s p a c e  o p e r a t i o n ,  t h e  up-da ta  s i g n a l  needs  to b e  coded 
i n  o r d e r  to ach ieve  a low b i t  e r r o r  r a t e  I 

I 

4 .  I n  a l l  c a s e s ,  a l l  d i g i t a l  modu la t ion  u s i n g  PCM/PM 
and t i m e  d i v i s i o n  m u l t i p l e x i n g  t e c h n i q u e s  a p p e a r s  
t o  be d e s i r a b l e .  

5. With a p r o p e r l y  equipped manned s p a c e c r a f t  t e r m i n a l ,  
i t  i s  c o s t  e f f e c t i v e  t o  u s e  a n  I n t e l s a t  I V  s a t e l l i t e  
f o r  d i r e c t  r e l a y  s e r v i c e  when compared w i t h  t h e  
p r e s e n t  c o s t  o f  u s i n g  I n t e l s a t  I1 s a t e l l i t e s  for 
Apol lo  o p e r a t i o n s .  For similar  r e a l  t i m e  i n f o r m a t i o n  

vs .  384 c h a n n e l s ) ,  and t h e  r e a l  t i m e  coverage  t i m e  i s  
~ f l o w ,  d i r e c t  r e l a y  c o s t  i s  a b o u t  80% l e s s  (80 channe l s  

- _- 

R .  K .  Chen 

At tachments  
.-. Appendix 

Refe rences  
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c APPENDIX A*% 

Assumptions and Procedures  o f  Cost Estimates 
f o r  U t i l i z i n g  I n t e l s a t  S a t e l l i t e s  

The estimates of t h e  c o s t  o f  u t i l i z i n g  I n t e l s a t  s a t e l -  
based on s e v e r a l  assumpt ions  : 

There i s  no c o s t  d i f f e r e n t i a l  among d i f f e r e n t  t y p e s  
o f  I n t e l s a t  s a t e l l i t e s  a t  a g i v e n  t i m e .  

The u t i l i z a t i o n  o f  I n t e l s a t  s a t e l l i t e s  by manned 
s p a c e  f l i g h t  o p e r a t i o n s  i s  a un ique  a p p l i c a t i o n ,  
t h e r e f o r e ,  t h e  o r b i t i n g  manned s p a c e c r a f t  i s  t r ea t -  
ed as a d i s t i n c t  and  independen t  u s e r  t e r m i n a l .  

/- 

D i s t i n c t  c a r r i e r  group a s s i g n m e n t s  a re  d e d i c a t e d  to 
t h e  two-way v o i c e  r e l a y  l i n k  for and d u r i n g  manned 
s p a c e  f l i g h t  o p e r a t i o n s .  

The c a r r i e r  groups  assumed a re  t h o s e  p r e s e n t l y  p l anned  
f o r  I n t e l s a t  I11 as f o l l o w s : *  

a .  5 MHz -- 2 4  e q u i v a l e n t  v o i c e  channe l s  

b ,  1 0  MHz -- 60 e q u i v a l e n t  v o i c e  channe l s  

c . : - - 2 0  MHz -- 132  e q u i v a l e n t  v o i c e  channe l s  

d . . - a n y  combina t ions  of a ,  b ,  and c .  

The i m p l i c a t i o n  i s  t h a t  t hese  are  t h e  i n t e g r a l  c a r r i e r  
group and ,  t h e r e f o r e ,  r e p r e s e n t  t h e  number o f  equ iva -  
lent v o i c e  channe l s  t h a t  must be purchased  r e g a r d l e s s  
o f  t h e  a c t u a l  RF bandwidth needed f o r  a s i n g l e  two-way 
v o i c e  t r a n s m i s s i o n  by  manned s p a c e  f l i g h t  o p e r a t i o n s .  

Each eq-uiv-aieiit v-oice ciiaiine-i a sfiigie -un i t  

c o s t  i n  d o l l a r s  r e g a r d l e s s  o f  t h e i r  a l l o c a t i o n  i n  t h e  
c a r r i e r  group a s s ignmen t .  

*R. Stamminger,  "Transmiss ion  System P l a n n i n g  f o r  I n t e l s a t  
III", P r e s e n t e d  a t  A I A A  Second Communication S a t e l l i t e  Systems 
Conference ,  A p r i l ,  1968 .  A I A A  Pape r  No. 68-448. 

**From Reference  1, Appendix D. 
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Two c r i t e r i a  are used f o r  e s t i m a t i n g  t h e  c o s t ,  t h e  RF 
bandwidth used and t h e  I n t e l s a t  s a t e l l i t e  E I R P  u s e d .  Both parame- 
t e r s  have been c a l c u l a t e d  i n  .Reference 1, t h e y  are compared and 
de te rmined  as t o  which  i s  t n e  dominant p a r a m e t e r .  For i n s t a n c e ,  
for t h e  up - l ink  c a j e  very  l i t t l e  bandwidth i s  needed b u t  a la rge  
amount of s a t e l l i t e  E I R P  is used.  The r e v e r s e  i s  t r u e  f o r  t h e  
down-link. 

To t r a n s l a t e  t h e  E I R P  o f  t h e  I n t e l s a t  s a t e l l i t e  to 
e q u i v a l e n t  v o i c e  c h a n n e l s ,  t h e  f o l l o w i n g  p rocedure  i s  used :  

1. Determine t h e  r e q u i r e d  EIRP as a p e r c e n t a g e  o f  t h e  
t o t a l  EIRP  a v a i l a b l e  from t h e  I n t e l s a t  s a t e l l i t e .  
The a v a i l a b l e  E I R P  o f  t h e  s a t e l l i t e s  are as f o l l o w s :  

I n t e l s a t  I1 1 3 . 5  dBW 

I n t e l s a t  I11 23.0 dBW 

I n t e l s a t  I11 1/2  30 .5  dBW 

I n t e l s a t  I V  4 2 . 0  dBW 

These numbers a re  t h o s e  p r e s e n t e d  i n  T a b l e  I *  less  
2 d B .  The 2 d B  d i f f e r e n c e  takes  c a r e  o f  t h e  "back- 
o f f "  f a c t o r  which i s  needed f o r  a v o i d i n g  e x c e s s i v e  
i n t e r m o d u l a t i o n  d i s t o r t i o n  caused  b y  t h e  TWTA on 
t h e  s a t e l l i t e  o p e r a t i n g  n e a r  s a t u r a t i o n  under  m u l t i -  

I p l e  c a r r i e r  o p e r a t i o n s .  

2 .  The number o f  e q u i v a l e n t  v o i c e  channe l s  needed i s  
t h e  p roduc t  o f  p e r c e n t a g e  E I R P  used and t h e  t o t a l  

- c h a n n e l  c a p a c i t y  of  t h e  s a t e l l i t e .  The  v o i c e  
. c h a n n e l  c a p a c i t i e s  o f  t h e  v a r i o u s  s a t e l l i t e s  are:  

I n t e l s a t  I1 .. - .  
480 e q u i v a l e n t  v o i c e  c h a n n e l s  

I n t e l s a t  I11 2 , 4 0 0  e q u i v a l e n t  v o i c e  c h a n n e l s  

I n t e l s a t  I11 1 / 2  3,800 e q u i v a l e n t  v o i c e  c h a n n e l s  
- ,  -_- .~ 

I n t e l s a t  I V  16 ,000  e q u i v a l e n t  v o i c e  c h a n n e l s  

3 .  The number o f  e q u i v a l e n t  v o i c e  c h a n n e l s  u sed  ( i . e . ,  
must b e  p u r c h a s e d )  i s  t h e  i n t e g r a l  number of  equ iva -  
l e n t  v o i c e  channe l s  o f  a p a r t i c u l a r  c a r r i e r  group as 
i n d i c a t e d  i n  4a, b ,  c ,  and d as f o l l o w s :  

*Reference 1. 
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Number o f  Number o f  Channels  
Channels  Needed That  Must be  Leased L _  

1 t o  24 24 

- 25 to 60 60 

60 t o  132 1 3 2  

1 3 2  t o  156  

156 to 1 9 2  

156 

192 

192 t o  264 264 

and s o  on. 

The up- and down-links w i l l  be  combined i n t o  one cap- 
rier group f o r  a l l  c a s e s  e x c e p t  when t h e  down-down-link u s e s  
t h e  s p o t  coverage  a n t e n n a  of I n t e l s a t  I V .  For t h e  l a t t e r  c a s e ,  
a n  i n d i v i d u a l  c a r r i e r  group has t o  be  used  f o r  each  l i n k .  The 
i m p l i c a t i o n  i s  t h a t  i f  t h e  up - l ink  c o s t  i s  p r i m a r i l y  due t o  
s a t e l l i t e  E I R P  used  and t h e  down-link c o s t  i s  p r i m a r i l y  due t o  
t h e  s a t e l r i t e  bandwidth used ,  t h e n  t h e  combined c o s t  i s  t h e  
l a rger  of t h e  two. 
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